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INTRODUCTION
The industrial age has seen a number of technological advances that have had unforeseen environmental and human consequences. The awareness of the severe neurotoxicity of lead (Pb) in humans, for example, provoked a number of regulatory measures, including phase-out of Pb as additives to gasoline, paint, water pipes, and solder, which significantly reduced the human exposure to Pb. The end product of these actions? A reduction in Pb poisoning of children by 80% since the late 1970s-now <2.2% of U.S. children between the ages of one and five are considered Pbpoisoned (National Health and Nutrition Examination Survey [NHANES], 2003) .
By all usual accounts, the recent turnaround in national health statistics related to Pb poisoning implies a seamless and uniform industrial and governmental response to this threat and denotes the end of Pb as a human health risk. Sadly, such is not the casemany urban areas still exhibit high Pb poisoning rates in children under age six (the most vulnerable age interval for Pb toxicity; Koller et al., 2004), reaching values up to 29% of the 0.5-5 yr old population in New Orleans, Louisiana (Rabito et al., 2003) , and even higher overseas (e.g., 78% of school children in Johannesburg, South Africa are considered Pb-poisoned; Mathee et al. [2002] ). Childhood Pb poisoning continues to be a major public health problem in the United States, particularly for lowincome, urban, African-American children (Roberts et al., 2001 ). The emission control and public health strategies used in the past have not been successful at overcoming this urban poisoning remnant (Agency for Toxic Substances and Disease Registry [ATSDR], 2002), and until we fully understand the anthropogenic, geologic, and socioeconomic web that results in the poisoning of urban youth, this remains an unfinished story in the annals of medical geology.
In this paper, we introduce the historical perspective of Pb use, particularly in leaded gasoline, and the findings that Pb has significant health impacts for humans. But more importantly, we discuss how integrating geologic factors, like soil, Pb geochemistry and cycling, and soil moisture and resuspension, into public health practices may help to ultimately eliminate Pb poisoning as a human health concern.
HISTORY
Lead toxicity has been known for centuries, but it was not until the industrial revolution that this issue became a widespread problem. Lead is a soft and workable metal easily extracted from galena ore, characteristics that were widely exploited by preindustrial populations. The Romans developed the first large-scale quarrying and working operations for Pb, exploiting the newly conquered Iberian Peninsula and its rich metal deposits to produce finished Pb used in containers, water pipes, and as a Pb-salt preservative for wines (in which application the Pb becomes very bioavailable); evidence of the global impacts of this quarrying effort are seen in Greenland ice core records (Hong et al., 1994; Rosman et al., 1997) .
By far the largest use of Pb has occurred in the industrial era, where two new applications of Pb were found in the twentieth century: Pb-based paints and tetraethyl/methyl additives to gasoline. Lead-based paints, which contain up to 15% Pb, are extremely durable and flexible, and their use expanded dramatically during the 1920s (Fig.  1) . The production and use of Pb for gasoline additives was spurred by the need to control the explosion of gasoline in cylinders of internal combustion engines. Thomas Midgely, an engineer for General Motors and DuPont, perfected the formulation of Pb additives in the 1920s, but the peak in Pb use for this application follows the trend in automobile use in America, with a peak closer to 1970 (Fig. 1) . Midgely (ironically, also the inventor of Freon ® , the chlorofluorocarbon chemical implicated in stratospheric ozone loss) first developed an effective anti-knock additive using plant biomass-produced alcohol, but as this additive could be produced by any farmer and was not patentable, he was told to continue searching, eventually finding that adding ~2% Pb oxides to gasoline works well. An early warning sign went up when scores of workers were severely poisoned in the 1920s by Pb toxicity in plants producing tetraethyl Pb additives, although a multi-pronged industrial cover-up limited public awareness of this situation (Markowitz and Rosner, 2002) . The dawn of the automobile age shelved concerns of the environmental impacts of tetraethyl Pb as affordable transportation dramatically altered the American landscape of the twentieth century.
Just how much the use of tetraethyl and other Pb impacted our environment began to be discerned in the 1950s in a laboratory at the California Institute of Technology. There, an isotope geochemist named Clair Patterson was carefully examining earth materials using new methods of mass spectrometry, with a goal of understanding the age of Earth (which, remarkably, he pinned at 4.55 Ga in 1963, nearly identical to modern estimates). He used radiogenic Pb isotopes for this work, and soon found that Pb isotopic ratios were excellent tools for fingerprinting source regions of sedimentary rocks and water bodies. One persistent problem he had in these efforts was the prevalence of contamination by anthropogenic Pb sources. Turning his considerable talents to this problem of contamination ended up being one of the great stories in medical geology. Patterson found that Pb resulting from human activity was everywhere, including water, soil, arctic ice, and most troubling, in people. Indeed, the development of Pb isotopic techniques has significantly enhanced our understanding of sources of additional Pb to the environment and cycling of Pb in soils (Deboudt et al. . Showing an academic bravery just short of foolishness, Patterson not only published his troubling findings of Pb contamination and potential poisoning in humans in peer-reviewed scientific journals (e.g., Settle and Patterson, 1980) , but he also raised the alarm to regulators, industries, and lawmakers, pointing out that the sources of this contaminant were clear and could be completely eliminated. After many well-documented attacks on his credibility, funding, and job by industry advocates (see Bill Bryson's 2003 book, A Short History of Nearly Everything, for an excellent recounting), he succeeded in convincing lawmakers to eliminate Pb use in pipes, solder, and finally, in 1986, gasoline. As a measure of the value that the geological community placed on these efforts, the Geochemical Society's Environmental Geochemistry Medal is named in honor of Patterson.
LEAD AND HUMAN HEALTH
In part due to Patterson's crusade, new sources of Pb to the environment have been virtually eliminated in the United States and are being reduced and/or eliminated in many other countries as well. The net impact of this elimination can best be measured from a human health standpoint by the concentration of Pb in blood serum samples (venous blood Pb level). A portion of the Pb ingested via soil or water and/or inhaled is absorbed in the intestine and incorporated in the body. Inhalation is a minor uptake pathway and ingestion via water has largely been reduced with the replacement of Pb water pipes and water tanks with non-Pb alternatives. However, Pb in soil and dust continues to be a major source of exposure (Koller et al., 2004) . Based on clinical trials, the portion of ingested Pb that is taken up in the body is typically less than 5% for adults, whereas it is as high as 50% for children due to their less-developed gastrointestinal pathway (Ziegler et al., 1978; Maddaloni et al., 1998) .
Due to similar charges and ionic radii, Pb is utilized in biological processes much like Ca, including as a critical component of converting the electrical neural signal into a chemical signal and as a component of hydroxyapatite in the production of bone material. When engaged in the former process, Pb does not function as a neurotransmitter, effectively creating permanent neural differentiation defects resulting in mental retardation, learning disorders, and attention deficit hyperactivity disorder (ADHD). Because of their high ingestion efficiency and the rapid neural differentiation during early brain and nervous system development, children are especially vulnerable to the permanent effects of Pb poisoning. When Pb is incorporated in bone material, the bone becomes a long-term source of Pb to the biological system-bone is regenerated on monthly to yearly timescales, leaking additional Pb into the system. For this reason, children treated by medical interventions like blood chelation may continue exhibiting toxic levels of Pb in their blood (Roberts et al., 2001 ). In summary, persistent elevated Pb concentration in children can create a cascade of severe and permanent mental, behavioral, and physiological problems.
The health standards for Pb levels in blood have been revised steadily downward over the years as medical research has determined toxicological effects of Pb even in low quantities. The U.S. Centers for Disease Control and Prevention (CDC) in 1991 chose 10 µg/dL as an initial screening level for Pb in children's blood, although some research suggests that levels even lower than this can cause some toxicological effects (Bernard, 2003; Brown and Meehan, 2004) . The persistent presence of Pb in children is a public health issue of a first order. As noted earlier, as a U.S. national average, 2.2% of children under the age of 6 exhibit blood Pb levels above this screening level, although this value is often above 15% among urban youth. In a summary from a national health survey, Brody et al. (1994) state "the exposure to Pb at levels that may adversely affect the health of children remains a problem Figure 1 . History of Pb usage in paints and gasoline during most of the twentieth century, showing the early dominance of Pb-based paints followed by the boom in transportation resulting in a high use of leaded gasoline (after Mielke, 1999) . The decline after the mid-1970s was due to controls put into place to eliminate leaded gasoline.
especially for those who are minority, urban, and from low-income families. Strategies to identify the most vulnerable risk groups are necessary to further reduce Pb exposure in the United States." Factors affecting children in this socioeconomic class include poor nutrition with the potential for pica behavior (a subconscious desire to ingest soil and dust to overcome nutritional deficits), inadequate pediatric health care, poor home maintenance with a high percentage of rental housing, a significant proportion of urban housing with high dust and dirt exposure, and relatively low awareness of the links between health and behavior.
In this paper, we use the city of Indianapolis, Indiana, a typical older midwestern United States city, to explore in detail the continuing sources and the pathways for exposure that face urban youth. Indianapolis is the 12th largest city in the country, with diversity reflecting the national average (25% African-American and Hispanic), a significant proportion of pre-1940s housing (with Pb-based paint use), and a large interstate transportation connection downtown with a clear history of leaded gasoline use. Additionally, Indianapolis has excellent public health records from which to extract the distribution of Pbpoisoned children. Combining information about point sources of environmental contamination, a sampling technique designed to determine more diffuse sources of soil Pb, seasonality studies, and public health data, we demonstrate the ongoing impact that past Pb contamination has on the population, and provide several recommendations for determining and predicting Pb contamination and poisoning.
METHODS
All soil samples used in this study were collected from amalgamated sampling techniques (a 10 m grid with pooled surface samples of the upper 5 cm of soil). Samples were sieved to 63 microns to minimize the effect of grain size variations in Pb concentration. Dried soils were ashed at 550 °C and digested for 2 h in warm (90 °C) 3N trace metal grade hydrochloric acid. Supernatants were diluted with ultra-pure water (Milli-Q) and analyzed via inductively coupled plasma-atomic-emission spectrometry.
All digestions were run with National Institute of Standards and Technology (NIST) soil standards for reference. Replicates were also run for all analyses, with typical analytical reproducibility of ~2%. Additional details and results for a number of other trace metals can be found in Laidlaw (2001) .
ROADWAY SOURCES OF Pb
The aerosolized combustion products (containing Pb) from the burning of leaded gasoline in internal combustion engines initially deposit within ~50 m of a roadway if no obstructions are present (Fig. 2) . The fate of deposited Pb then depends on the conditions of the depositional area. Although intersections of busy streets may have received over one metric ton of Pb per year (Mielke et al., 1997), their impervious surfaces lead to continual runoff of Pb-enriched particulates down storm drains (and from there into treatment plants or directly into rivers). If the particulate Pb is deposited instead on a grassy fringe, like a front yard or park, the Pb can be effectively retained. In such a setting, the insolubility of Pb leads to surface peaks in Pb concentration of soils (Fig. 3) ; in relatively undisturbed soils, this surface Pb enrichment may be the product of decades of Pb deposition from gasoline and may reach levels above 1000 ppm (Mielke, 1999; Mielke et al. 2003 ).
The roadway Pb generally is partitioned into the highly bioavailable carbonate, iron, and manganese hydroxide soil fractions, while the natural Pb in soils is speciated in the residual, or nonbioavailable fractions (Chlopecka et al., 1996; Lee et al., 1997). Lead is associated with the smallest particles, the clay grain size fraction in urban soils (Dong et al., 1984) . Therefore, dust originating from urban soils contaminated by anthropogenic Pb is more toxic than naturally occurring dust and is more potent and concentrated than would be expected from simple measurements of the Pb content of the soil (Young et al., 2002) .
DIFFUSE SOIL Pb AND CHILDREN'S HEALTH-A CASE STUDY FROM INDIANAPOLIS
The original sources of Pb to the environment were distinct sources, including Pb-based paints, gasolineemitted Pb, and Pb emitted from smelters. As detailed above, Pb does not originally deposit far from its source, and its geochemical characteristics promote rapid sequestration onto surface soil particulates (usually via surface complexation of Pb and Pb oxides with soil organic matter). But an analysis of many urban areas reveals that these point sources have, to some extent at least, been redistributed to produce regions of Pb enrichment. Several factors can lead Figure 2 . The exponential decay of Pb in surface soils as a function of distance from a roadway source along a suburban street in Indianapolis, Indiana (Kessler Boulevard). This curve is typical of the roadway effect, showing both the rapid deposition of Pb in exhaust particulates from the combustion of leaded gasoline and the persistence of this Pb in surface soils (leaded gasoline use stopped ~20 yr ago). A second-order regression fits data the best, yielding a correlation coefficient (r 2 ) of 0.902. Symbol size is larger than error bars on both axes.
to redistribution of Pb-enriched particles and soil-this issue will be addressed more completely in the next sectionbut the recurrence of a general urban enrichment of soil Pb has been documented in many regions (e.g., Mielke et al., 1983) , and the potential impacts of this urban contamination were presaged by the classic quote by Clair Patterson (NAS, 1980) , "Sometime in the near future it probably will be shown that the older urban areas of the United States have been rendered more or less uninhabitable by the millions of tons of poisonous industrial Pb residues that have accumulated in cities during the past century." To explore this generalized urban enrichment, termed diffuse soil Pb, and evidence of its potential human health impact, we first show the pattern of diffuse soil Pb in Indianapolis, then the link between soil Pb and children's blood Pb levels.
One of the characteristics of Pb distribution in the surface soils of cities is a distinct decrease in concentration from the city center to suburban surroundings (Mielke, 1999), a legacy both of Pb deposition, redistribution, and smearing of original point sources, and less Pb deposition in newer suburban neighborhoods due to recent Pb controls. This urban-suburban gradient can be illustrated by examining diffuse soil Pb along an urban roadway transect (Washington Street) versus one in the suburbs (East Kessler Blvd.) of Indianapolis. Washington Street, the route of the National Road (U.S. 40) in Indianapolis, experiences high local traffic loads and is bordered by very old urban neighborhoods. In contrast, the suburban East Kessler Boulevard was developed from a country road to a suburban thoroughfare in the 1970s, during a time when the use of leaded gasoline was declining significantly (Fig.  1 ). In the reference year 1980 (the official phase-out of leaded gas was 1986, although most vehicles were running on unleaded fuel by 1981), East Kessler Boulevard experienced a relatively high daily traffic load, but only ~50% that of Washington Street at the westernmost intersection. A comparison of the Pb loading from roadway sources along these two streets reveals three main factors of roadway Pb deposition. First, the decrease in Pb concentration away from the roadway is manifest in both higher and lower traffic volume settings (Fig. 4) . Second, although leaded gasoline use spanned a relatively short time along the suburban roadway, the legacy of this deposited roadway Pb remains, attesting to the immobility of Pb after deposition. Finally and most critically, the urban roadway example shows both the impact of the long-term Pb loading from leaded gasoline close to the roadway as well as the diffuse soil Pb that blankets urban regions (Fig. 4) . In other words, even at distances from the roadway beyond where direct Pb deposition occurs (and far away from structures using Pb-based paint), the background level for Pb is significantly higher in the urban transect (~500 ppm) than in the suburban transect (~60 ppm). This urban-suburban gradient is one overriding factor affecting the amount of Pb loading to individuals, a factor that we will next assess on a larger scale and with respect to human health.
Children's Blood Pb Levels and Diffuse Soil Pb
In many urban areas of older cities, large segments of children below the age of six have venous blood Pb levels exceeding the action level of 10 µg/dL (e.g., Mielke, 1999)-such is the case in Indianapolis. The actual distribution of blood Pb levels exceeding action limits is getting more difficult to obtain due to privacy issues, but in the past, blood Pb values could be collected from health department records down to the level of a street address, providing an outstanding way to examine the environmental factors in human health. The address-level distribution of blood Pb levels exceeding action limits in Indianapolis from 1992 to 1994 is informative. Much of the higher blood Pb values are concentrated in urban areas, particularly downtown. In contrast, very . Average Pb concentrations in surface soil as a function of distance from the roadway using the urban Washington Street and suburban East Kessler Boulevard transects. The decrease away from the roadway source is apparent, but more importantly, there are significantly higher values in the urban transect, even at distances up to 42.5 m from the road center, beyond the range of direct deposition of Pb particulates from the combustion of leaded gasoline. Additionally, the significant near-roadway loading of surface soils in the urban transect is reflective of higher daily traffic volumes and the much greater duration of the urban roadway as an important traffic artery.
few incidences of blood Pb poisoning are found in the newer suburban areas to the west, north, south, and northeast sides of the city (Fig. 5 ). Because these are individual blood Pb data, population density plays some role in the distribution; for example, rural farmlands on the city outskirts have few incidences. But based on the 1999-2000 U.S. Census (Laidlaw, 2001 ), the population density per census tract in the newer suburban areas with few blood Pb poisoning incidences is comparable to the urban and near-urban areas with a high incidence.
To explore the concept of diffuse soil Pb (i.e., Pb now present far away from its initial depositional area) and its potential role in affecting children's health (e.g., Lanphear et al., 1998), we carefully selected sampling locations throughout Indianapolis. Our sampling criteria included soil >50 m from roadways and from structures (which might have contributed Pb-based paint), and was augmented by aerial photographic records over Indianapolis from several time slices (1940, 1970) . The purpose of these aerial photographs was to rule out the potential for inadvertently sampling soils from disturbed, excavated, or filled areas that might have surface Pb contents characteristic of artificial materials rather than ambient soil. As one can imagine in a rapidly developing urban area, these criteria narrowed acceptable sites to only ~100 distinct sites (because of tillage, even the agricultural sites were excluded). Many of the acceptable sites were in parks, cemeteries, and very large lawns. Analyses were also carried out to determine whether soil source material showed any inherent Pb variation. The soil in Marion County (the area surrounding and including Indianapolis) is glacial outwash, till, and alluvium with a variety of lithologies including limestone, shale, and Figure 5 . Satellite infrared image of Indianapolis, central Indiana (the boundaries are the Marion County borders-the city of Indianapolis officially extended its boundaries to those of the county in 1970). The concentration of diffuse soil Pb in surface soils of Indianapolis (colored regions) displays a characteristic pattern of urban enrichment trending toward background values in suburban and agricultural regions. The overprint of high diffuse soil Pb presented here corresponds roughly to the distribution of elevated blood Pb levels in children, displayed as circles for the distribution of children's venous blood samples exhibiting Pb concentrations above the level of concern (10 µg/dL) from 1992 to 1994 in Indianapolis. Most elevated blood samples are from the downtown region (significant overlap of multiple positive results occur in this region), with some additional scattered positive results ranging toward the older suburban development to the west and the east. These trends in positive samples are not dominantly controlled by population density, as the northern corridor and northeast portion of Indianapolis have population densities similar to those in the central urban region. The arrows point to regions with high diffuse soil Pb but low incidence of Pb poisoning, at apparent odds with the direct link between soils and blood. As with all epidemiological processes, a number of factors act as filters between potential exposure and toxicology, like socioeconomic status, age, population distribution, etc. In the case of the blue arrow, the lack of Pb poisoning is due to the lack of habitations in this industrial corridor, while the green arrow highlights a main street that displays a socioeconomic divide between poverty-line neighborhoods in the near-urban area and upper-middle and upper-class neighborhoods in the northern suburban area. granite. No trend was found between Pb content and soil composition across Marion County (Laidlaw, 2001) , and thus we suggest that soil mineralogy is a minor control on the Pb distributions presented here.
In contrast to roadway and houseside soil sampling, which might exhibit Pb concentrations above 1000 ppm, the highest soil Pb concentrations in our study were below 500 ppm. The lowest Pb concentrations averaged ~50 ppm, which is a typical value for soils in this region based on a comparison to selected rural sites ( Fig. 3 ; Laidlaw, 2001) and which we consider here the geological background value. As expected, the highest soil Pb concentrations were centered directly over the old urban and industrial areas of Indianapolis (Fig. 5) , where the diffuse soil Pb content averaged ~200 ppm. Beyond this central hot spot, Pb concentrations decreased systematically toward the suburban outskirts of the city, ultimately falling to background values in the rural fringes of the city (Fig. 5) . The central peak is consistent with the long history of Pb use in the downtown area, but the generally high values even away from point sources support the argument of a redistribution of Pb over time. This is a common feature of urban Pb distribution (e.g., Mielke, 1999), and it is likely related to the wind-driven redistribution of fine Pb-enriched particulates in a statistically consistent pattern (e.g., a two-dimensional exponential decay curve) over decades.
Combining the distribution of soil Pb with that of children's blood Pb poisoning reveals several important characteristics of diffuse soil Pb as a potential contributor to children's health problems. First, the similarity in the distribution of elevated soil and blood Pb values downtown reveals the potential for diffuse soil Pb to be an additional and important factor in children's blood Pb levels. Second, population patterns definitely have some influence on the health distribution data. For example, some areas downtown have perhaps the highest concentration of diffuse soil Pb but surprisingly few incidences of Pb poisoning (blue arrow on Fig. 5) ; in this case, this is because this region is an industrial area with no housing.
In another case, the lack of correlation between soil Pb and blood Pb corresponds with a very high socioeconomic status in a wealthy northside neighborhood (green arrow on Fig. 5 ).
Although many factors influence the relationship between geology and human health in the story of Pb, it is clear from the lack of closure on this issue that we do not yet understand all of the contributing factors. Furthermore, the generalized approach presented above provides a reference point for further work, but does not integrate health data and geologic data well, nor does it present clear recommendations that geologists can make to health specialists in further reducing this public health hazard beyond the incredibly costly and disruptive solution of removing all of the contaminated surface soil in urban areas and replacing it with clean fill. Several bridging efforts are now being pursued to help further medical geology in the context of eliminating childhood Pb poisoning. Beyond simply documenting Pb distribution and its public health implications, current research is also examining more closely Pb as a toxicological agent with predictable behavior. For example, isotopic techniques have been utilized to closely examine the entry mechanisms of Pb into the body and the cycling of Pb within the body (e.g., Maddaloni et al., 1998; Gwiazda and Smith, 2000) , with a goal of pinpointing the source of Pb toxicity in individuals and thus more closely coupling prevention and treatment. Another new tool of promise in accurately assessing Pb poisoning is predictive modeling of children's blood Pb levels using climatologic data. Additionally, the increased amount of time that children spend outdoors in the summer when school is out may lead to increased exposure to Pb in soil.
CLIMATIC FACTORS AND A BLOOD Pb PREDICTIVE MODEL FOR HEALTH CARE RESEARCH
To better constrain this possible climate-soil-human health link, we have been investigating in detail variations in children's blood Pb levels as a function of climate and soil factors in several urban areas. The ultimate goal of this effort is to develop a predictive model whereby a medical researcher can make an accurate diagnosis of Pb poisoning based on seasonal and weather-related factors as well as blood Pb level data. With a focus on Indianapolis (ongoing analyses are also being conducted in several other cities, with similar results as those presented here), we used a number of climatologically independent variables, including average monthly soil moisture, particulate matter <10 microns in size (PM10), wind speed, and temperature obtained from state and federal government data sources. We also used blood Pb databases obtained from local and state governmental sources and averaged them monthly (Fig. 7) .
Based on this multiple regression model, and unpublished results from several other American cities, we believe that the seasonality in children's blood Pb levels (Fig. 7) is controlled by exposure to Pb dust originating from contaminated soils and suspended in the air when several weather-related environmental conditions are present: high temperature, low soil moisture, and elevated atmospheric PM10. When temperature is high and evapotranspiration is maximized, soil moisture becomes low, and the generation of soil dust is maximized. Under these combined weather conditions, Pb-enriched PM10 dust disperses in the urban environment and is manifest by elevated Pb dust loading. In this case, exposure is via increased dust loads in homes and on contact surfaces, with ingestion as the uptake mechanism. Although further work using detailed tracking of Pb, possibly involving Pb isotopic studies as outlined above, may help to elucidate the connection between seasonality and blood Pb values, we argue that the ability of geochemical and meteorological factors to predict blood Pb supports our supposition that external loading and exposure drives much of the blood Pb concentrations.
In addition to the development of hypotheses related to the incorporation of Pb into children's systems, a promising result of these modeling analyses is the ability to predict toxicity in a given population. In other words, through easily collected atmospheric and soil data, a health researcher can determine the expected variation in blood Pb levels of the general population and, if performed in more detail using the subset of children's age, the expected variation in a given young patient. This is particularly important when attempting to treat blood Pb poisoning using discrete venous sampling events-a "safe" level measured in the spring under conditions of high soil moisture could become a poisonous level in the same patient just several months later when atmospheric conditions increase ambient Pb loading.
CONCLUSIONS AND RECOMMENDATIONS
The controls placed on the use of Pb have been incredibly successful in lowering the general loading of Pb to the environment and have resulted in impressive and positive human health benefits. Nevertheless, we continue to be faced with the legacy of Pb deposition, particularly in urban environments. As a result of this environmental and geological situation, over 400,000 children in the United States between the ages of one and five are still poisoned by Pb (NHANES, 2003), many of them from lower socioeconomic minority households. In this paper, we highlighted the persistence of Pb in surface soils as a potential route for the continued poisoning of urban youth, with socioeconomic status being a large contributor to the problem in areas with high ambient soil Pb. Although education and remediation seems to show continuing health benefits, it is likely that we will have to adopt another strategy, including soil Pb and soil dust exposure, to get over the final hurdle and eradicate Pb poisoning in this country. This strategy might include 
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THEME: BAY, BASINS, BASEMENT, AND BEYOND
The 2005 annual meetings of the Cordilleran Section, GSA, and the Pacific Section, AAPG, will be held jointly at the Fairmont Hotel in San José, hosted by the Department of Geology, San José State University. Up-to-date information about the meeting can be found at www.geosociety.org/ sectdiv/cord/05cdmtg.htm.
ENVIRONMENT
The city of San José is located at the southern tip of San Francisco Bay and is the third largest city in California and 11th largest in the United States. San José is nestled in a broad alluvial valley between the Santa Cruz Mountains to the west and the Diablo Range to the east. Long time residents still refer to the San José area as the "Valley of Heart's Delight," hearkening back to its agricultural roots and gentle climate, but it is widely known today as "Silicon Valley," where technology and innovation rule. San José is among the most culturally and ethnically diverse cities in North America, and one can find a rich tapestry of cultural sites and activities to explore and experience. Temperatures are mild in late April and early May (60-70 °F), and the area has tremendous recreational opportunities for all to enjoy. San José is served by most major airlines through Mineta-San José International Airport, which is just three miles from downtown. The meeting site is the spectacular Fairmont Hotel in the heart of downtown San José, adjacent to Plaza de Cesar Chavez. The Fairmont is on the VTA light rail line and is within easy walking distance of many restaurants, pubs, microbreweries, clubs, cinemas, galleries, and museums.
CALL FOR PAPERS
Papers are invited for a variety of topical sessions (oral and poster), including symposia, theme sessions, and general technical sessions. Authors interested in volunteering papers for symposia should contact the appropriate convener prior to submitting an abstract. Oral presentations in technical sessions will be 15 minutes in length, including three minutes for questions. All oral sessions will utilize a single digital projector and PowerPoint software. An overhead projector will also be available in each room. Use of 35 mm slides is discouraged and will only be accommodated by special arrangement with the technical program chair at an additional cost. Requests for slide projectors must be made one month prior to the meeting. Poster space will be 4' × 8' and authors are required to be present at their poster for at least two hours.
ABSTRACTS

Abstract deadline: February 1, 2005
Abstracts for all sessions should be submitted online at www.geosociety.org/sectdiv/cord/05cdmtg.htm. If you cannot submit your abstract electronically, contact Nancy Carlson, (303) 357-1061. 
REGISTRATION
ACCESSIBILITY AND CHEMICAL SENSITIVITY
GSA is committed to making its meetings accessible to all people interested in attending. Please indicate special requirements (wheelchair accessibility, etc.) on the registration form. The Fairmont Hotel is ADA compliant.
Additionally, please refrain from wearing scented products to the meeting, in order to allow participation by persons disabled by chemical sensitivities.
FIELD TRIPS
For further details on field trips, please contact either the trip leader or the field trip chair, Calvin Stevens, (408) 
TECHNICAL SESSIONS
In addition to general technical sessions, the program will include a variety of symposia and theme sessions. Detailed description of symposia and theme sessions can be found at www.geosociety.org/sectdiv/cord/05cdmtg.htm. Knowledge of the groundwater age distribution in a basin can be used to delineate groundwater or contaminant flow pathways, identify recharge areas, and provide a measure of hydraulic conductivity. While the presence or absence of tritium in groundwater can mark a component of "modern" groundwater-recharged in the past few decades-the tritium-helium age dating method allows the dating of a water sample with an analytical uncertainty of one year.
SYMPOSIA
Participants will be guided through all stages of the increasingly popular technique of groundwater age dating, from sampling and analysis to data reduction and modeling the results. Students will see a video showing the sampling method for dissolved gases in groundwater, learn about mass spectrometric methods for measuring helium isotopes and other gases, calculate groundwater ages using real data from groundwater samples in California, learn how to apply groundwater ages to water resource investigations, and see how groundwater ages can be used to validate and constrain groundwater flow models. Participants will be exposed to other parameters that are derived from dissolved gas measurements, including residence times from radiogenic 4 He, recharge conditions from excess air and recharge temperature determinations, and excess dissolved nitrogen for quantification of denitrification. Emphasis will be on understanding the meaning of a groundwater age from a well water sample, including limitations in its interpretation, and on proven applications. This two-day workshop will introduce the concepts of sequence stratigraphic analysis. Today, sequence stratigraphy is considered the state-of-the-art method for delineating reservoir geometry and continuity in the petroleum industry and is being applied to groundwater basins to understand aquifer architecture. The workshop will consist of a combination of lectures and exercises that will provide the hands-on experience to learning sequence stratigraphy. The exercises will include classic case studies from which many of the original concepts were derived. A case study from the Los Angeles Basin will be highlighted to illustrate the application of sequence stratigraphy to solve problems with seawater intrusion into freshwater aquifers. This one and a half day workshop for graduate students and Ph.D. petrology, mineralogy, or tectonics specialists will provide participants with hands-on knowledge about data and methods needed for constructing quantitative P-T-t paths using pseudosections (e.g., composition-specific P-T phase diagrams), mineral textures, and geochronological data. The course will emphasize the use of THERMOCALC (Powell and Holland, 1988) and ISOPLOT (Ludwig, 2001) for constructing P-T-t paths. Participants will learn the details of THERMOCALC data file organization and will construct parts of a P-T pseudosection. In addition to the planned activities mentioned above, San José offers a variety of activities, including a science center and IMAX theatre, a haunted house, one of the few combined public/university libraries, symphony and opera in the historic and newly renovated California Theater, shopping, hiking, fine dining, comedy and dance clubs, and many more activities. For information on these and other activities, contact Paula Jefferis, San José State University, jefferis@ geosun.sjsu.edu.
STUDENT TRAVEL AND FIELD TRIP ASSISTANCE
The Cordilleran Section of GSA and the GSA Foundation have made travel grants available for students who are presenting oral or poster papers. The Cordilleran Section of GSA is also providing assistance for students wanting to attend field trips. Students must be currently enrolled and must be members of the Cordilleran Section to apply for support. For more information, contact the Cordilleran GSA secretary, Joan Fryxell, (909) 880-5311, jfryxell@csusb.edu.
STUDENT AWARDS
The GSA Cordilleran Section will present cash awards for the best and honorable mention undergraduate and graduate papers, both oral and poster; papers will be considered from any theme or discipline session. To qualify for an award, the student must be first author and presenter and a student member of the Cordilleran Section.
EXHIBITS
Exhibit booths will be available at $1000 for commercial organizations and $500 for nonprofit organizations. For more information or to reserve a booth, contact Larry Knauer, (661) 392-2471, larryknauer@chevrontexaco.com. My year on Capitol Hill has mostly consisted of meetings, lots of meetings. I've met with constituents eager to get members of Congress to cosponsor legislation or address new issues at the national level, with fellow staffers trying to move bills or plan for hearings, with agency personnel sent to the Hill to laud their programs and request appropriations, and with scientific and policy experts brought to the Hill to brief legislative staff on the state of knowledge of hot issues. Although these meetings bring new meaning to the bumper sticker "Meetings: the practical alternative to work," they provide a proactive approach to bringing issues to the forefront that elevates these issues above the steady stream of information that flows into congressional offices. Constituents need to be reminded of the importance of meeting with their Congress members; i.e., of lobbying.
ADDITIONAL INFORMATION
The "L" Word
The term "lobbyist" was coined in the early 1800s, when members of Congress traveled twice a year from their home states to the nation's Capitol and would often stay at the Hotel Washington, across the street from the White House. With their time on the Hill being so short, tenant farmers and others who wished to discuss their issues would come to the hotel lobby and hang around until they could corner their representatives and discuss their particular issue. Not much has changed, although now the "tenant farmers" do the cornering and talking in the members' offices, and some can now afford to pay others to come and do the talking for them. The importance for citizens to discuss and emphasize issues is just as great as it was then.
The Role of the Lobbyist
In one of the more infamous moments in Michael Moore's film, Fahrenheit 9/11, Congressman John Conyers is asked how Congress could vote and pass the USA Patriot Act without reading the bill first, to which he responds "Sit down my son. We [members] don't actually read most of the bills we vote on." Though he was attempting to be facetious, the comment is not so far-fetched in reality. Quite often legislation does not become available for members to read until within 24 hours of a vote. Appropriation bills in particular are affected as the appropriations committees continue the horsetrading of funding levels for federal programs until the very last minute. When the legislation does become available, congressional staff sift through the often lengthy legislation. A heads-up from the citizen lobbyist is critical as their input can often provide the deciding factor toward a Representative's vote.
The Citizen Scientist
Congress needs your expertise. Representatives are rarely elected based on their understanding of the sciences, yet science is often an important factor in policy decisions. While policymakers have been singing the praises of "sound science" in decision-making of late, the electorate is often unfamiliar with both the sciences and the scientific process in general. Technology, and Space are not considered high profile committees and many of the members assigned to these committees have little expertise in the broad array of scientific issues that come before them, yet they are being asked to determine the direction and funding of federal science. The same is true of the natural resource committees, which have primary jurisdiction over the federal agencies dealing with earth sciences, and which deal with much of the legislation that utilize the earth sciences in decision-making. Most of the current internal scientific expertise on the Hill comes from the 33 congressional science fellows supported by GSA, AGI, AGU, and others, as well as detailees from the federal scientific agencies and former fellows who chose to remain in Congress following their fellowship year (about 3 to 4 per class). Dispersed through the Senate and House, they need your help in keeping track of the latest issues and breakthroughs in the sciences, in educating the members on issues, and in working on legislation in support of upcoming programs in the earth sciences.
Timing, Timing, Timing
In the legislative process, timing is everything. By keeping abreast of legislative issues coming to the House or Senate floor or to committees in Congress, you can prepare a quickly timed letter, call, or even better, visit your representative while the legislation is being discussed and drafted, which will help to bring scientific expertise to the debate. If you are interested in an issue that is not currently up for debate in the committees or on the floor, a quick check to see if there are bills introduced that you could get your representative to cosponsor (or to schedule for a hearing if you happen to be talking to committee members) will help make your topic relevant. Current legislation, as well as legislation introduced in prior Congresses, can easily be accessed at www.congress.gov. If you are interested in seeing specific federal programs or agencies funded, the time to talk to your representa-tives should be in January to March, as appropriations requests are delivered by each member to the appropriations committee in April. These requests should be followed up in the late spring to early summer when the appropriations committees are meeting to consider all the requests.
Zen and the Art of the Congressional Office
Understandably, most lobbyists coming to Capitol Hill wish to speak with their elected official directly. Given the demand on a Congress member's schedule, this is not always possible. Talking to the congressional staff is therefore as important as talking to the members themselves, and often more constructive, for the staff act as the information and issue filters for the members and will do the drafting of letters and legislation on behalf of the member. Most citizen lobbyists who request a meeting or write or call their representatives will end up talking to a legislative assistant (LA) or legislative counsel (an LA in possession of a law degree). There are typically four to five LAs in each congressional office, both in the House and Senate. These LAs run the gamut from recent college graduates to seasoned lawyers with 20 years experience on the Hill. Between the four or five LAs in each office, they tackle every issue under the sun that may come up in Congress, and, understandably, may not have much chance to delve into issues of the earth sciences or of science in general. They have become accustomed to a tidal wave of information thrown at them on a daily basis. In order to make your info stick, and hence have your issue addressed, specific communication tactics are required.
Contacting Congress
The first step is to contact the relevant LA. The legislative staff and the specific issues each staff member covers are often listed on a member's Web site, or on committee Web sites, available at www.house.gov. If you are unable to reach the LA or if the information is not available, contact the member's scheduler (a.k.a. executive assistant). When contacting the office, give a background for the meeting in two or three sentences and set up a meeting in Washington, D.C., or in the district office. Most meetings last 10-15 minutes; if you can convince the LA that your issue is important enough, he or she may extend the meeting to 30 minutes or arrange for a stop-by visit with the Congress member. When meeting with or making a phone call to the member or LA, be succinct. Explain both the issue and what you would like to see the member do, whether it is to write a letter to an agency head, draft legislation, or request an appropriation. The best means to get the ball rolling is to bring one to two pages of talking points as well as any supporting documentation to any meeting (it is rare that the supporting documentation will get read in its entirety, if at all). Subsequent to the meeting, follow up with a draft of the letter or bill you spoke about as a reminder to the staff of your meeting and to help move your issue forward.
Of prime importance in whether your issue will get any face time is if the issue is germane to the members' constituency, district, state, or committee jurisdiction. Many issues are prioritized in terms of how they affect the member's constituency or state, and members have little interest in devoting significant effort to address issues affecting citizens in another state, unless the issue at hand has repercussions for their own state or comes under the purview of their assigned congressional committee. If you are not a constituent of the district of the member to whom you wish to speak (e.g., you are interested in funding for the Earth Resources Observation Systems Data Center, but are not from South Dakota), consider speaking with your professional societies and contacting other society members within the district or state who would be willing to contact the appropriate Congress member with you.
If you would like to see a piece of legislation moved forward, make an effort to contact your representatives in both the House and Senate. The legislative process is not known for its expediency, and the process moves fastest if legislation is introduced in both chambers at the same time. This tactic will also help put pressure on one chamber or committee if the legislation has passed on the floor of the other chamber and is hung up due to tight legislative timelines or due to the personal political agendas of specific committee chairs. This is very important when requesting appropriations, for there is strength in having matching requests in the House and Senate appropriations bills as they go into conference. There is also support in numbers if several members are requesting the funding, particularly if some members of your state delegation happen to sit on the right appropriations committee.
But Why Make the Effort?
Too often I have heard geologists express distaste at the political process, preferring to leave policymaking to the policymakers and to go about their own business of concentrating on the bigger picture of Earth, the longer timeframe of the geologic record. Why meddle in policy? We often forget the role the federal government plays in the support of the sciences, through funding grants, programs, academic institutions, and agencies such as the U.S. Geological Survey and the National Science Foundation. The topics being discussed in the last presidential election cycle, including the influence of politics on scientific panels and on the advancement of scientific endeavors such as stem cell research, highlight the importance of making sure science is understood and used to benefit society at large. Going straight to the policymakers is one small step to ensuring the future of our collective profession. 
This manuscript is submitted for publication by Michèle Koppes, 2003-2004 GSA-U.S. Geological Survey Congressional Science
Upcoming Deadlines
Officers and Councilors
Nominations Due August 1, 2005
The GSA Committee on Nominations requests nominations for officers (vice president and treasurer) and councilors to serve on the GSA Council beginning in 2006. Each nomination should be accompanied by basic data and a description of the qualifications of the individual for the position recommended.
The online nomination form is available at www.geosociety.org/ aboutus/commtees/, or you may send materials for committee, officer, and councilor nominations to Ruth Harrison, GSA, P.O. 
Medals and Awards
GSA Fellows
Nominations Due January 15, 2005
The Committee on Membership requests nominations of members to be elevated to GSA Fellow status. Any GSA Fellow may nominate up to two members per election cycle for this honor. Two other supporting signatures are needed, along with a letter stating the member's qualifications to be evaluated on the basis of eight established criteria. For updated information, a list of the criteria, and a new nomination form, please see www.geosociety. org/members/fellow.htm or contact Diane Lorenz, (303) 357-1028, awards@geosociety.org. 
Subaru Outstanding Woman in Science Award
John C. Frye Environmental Geology Award
Nominations Due March 31, 2005
In cooperation with the Association of American State Geologists, GSA makes an annual award for the best paper on environmental geology published either by GSA 
Student Research Grants
Online submission must be completed by midnight (MST), February 1, 2005.
The GSA student research grant application process is now available only online. Although the current forms have not changed significantly, the process for submitting applications and appraisal letters is accessible only online through GSA's password-protected Web site. No paper applications or letters will be accepted. 
Don J. Easterbrook Distinguished Scientist Award-Quaternary Geology and Geomorphology Division
The Quaternary Geology and Geomorphology Division of GSA seeks nominations for the Don J. Easterbrook Distinguished Scientist Award. This award will be given to an individual who has shown unusual excellence in published research, as demonstrated by a single paper of exceptional merit or a series of papers that have substantially increased knowledge in Quaternary geology or geomorphology. No particular time limitations apply to the recognized research. The recognition is normally extended to an individual, but in the event of particularly significant research, two people may share the award. Monies for the award are derived from annual interest income from the Don J. Easterbrook Fund, administered by the GSA Foundation.
Although recognition of extraordinary prior research excellence is the principle goal of this award, it carries with it an opportunity for funding additional research. The Easterbrook Distinguished Scientist is eligible to draw funds for research from the GSA Easterbrook Fund in an amount to be determined by availability of funds. This opportunity for funding additional research by the winner is a secondary consideration of this award.
Members of the Quaternary Geology and Geomorphology
Division Award Panel will evaluate nominations for the Easterbrook Award. Because the award primarily recognizes research excellence, self-nomination is not allowed. Nominees need not be members of the division. Nominations are not automatically carried forward to subsequent years, but the same individuals may be renominated.
Nominations must be accompanied by supporting documentation, including a statement of the significance of the nominee's research, curriculum vitae, letters of support, and any other documents deemed appropriate by the nominating committee. Send nominations by April 1, 2005, to John E. Costa, U.S. Geological Survey, 10615 S.E. Cherry Blossom Dr., Potland, OR 97216-3103, USA, jecosta@usgs.gov.
Farouk El-Baz Award for Desert Research-Quaternary Geology and Geomorphology Division
The GSA Quaternary Geology and Geomorphology Division seeks nominations for the Farouk El-Baz Award for Desert Research. This award rewards excellence in research in desert geomorphology worldwide and is intended to stimulate research in desert environments by recognizing an individual whose research has significantly advanced the understanding of the Quaternary geology and geomorphology of warm deserts. Although the award primarily recognizes achievement in desert research, the funds that accompany it ($10,000 anticipated for 2005) may be used for further research. The award is normally given to one person but may be shared by two people if the recognized research was the result of a coequal partnership. Monies for the award are derived from annual interest income from the Farouk El-Baz Fund, administered by the GSA Foundation.
Any scientist from any country may be nominated for the award. Because the award recognizes research excellence, self-nomination is not permitted. Neither nominators nor nominees need be members of GSA. Nominations must be accompanied by a statement of the significance of the nominee's research, a curriculum vitae, letters of support, and documentation of published research results that have significantly advanced the knowledge of the Quaternary Geology and Geomorphology of warm desert environments. 
Laurence L. Sloss Award for Sedimentary Geology
The Sedimentary Geology Division of GSA solicits nominations for the 2005 Laurence L. Sloss Award for Sedimentary Geology. This award is given annually to a sedimentary geologist whose lifetime achievements best exemplify those of Larry Sloss-i.e., achievements that contribute widely to the field of sedimentary geology and service to GSA. Monies for the award are derived from annual interest income from the Laurence L. Sloss Award for Sedimentary Geology fund, administered by the GSA Foundation.
Nominations should include a cover letter describing the nominee's accomplishments in sedimentary geology, contributions to GSA, and curriculum vitae. The management board of the Sedimentary Geology Division will choose the recipient from the two nominees forwarded from the nominations committee, and the award will be presented at the GSA Annual Meeting in Salt Lake 
Gilbert H. Cady Award-Coal Geology Division
The Coal Geology Division of GSA seeks nominations for the 2005 Gilbert H. Cady Award, made for outstanding contributions in the field of coal geology. The first award, established by the division in honor of Gilbert H. Cady, was presented in 1973. Monies for the award are derived from annual interest income from the Gilbert H. Cady Memorial Fund, administered by the GSA Foundation. The award will be made for contributions considered to advance the field of coal geology within and outside North America and will be presented at the Coal Geology Division Business Meeting at the GSA Annual Meeting in Salt Lake City in October 2005.
Nominations will be evaluated by the Gilbert H. Cady Award Panel and should include the name, office or title, and affiliation of the nominee; date and place of birth; education, degree(s), and honors and awards; major events in his or her professional career; and a brief bibliography noting outstanding achievements and accomplishments that warrant nomination.
Send three copies of the nomination by February 28, 2005, to R. Marc Bustin, The University of British Columbia, Vancouver, BC V6T1Z4, Canada, mbustin@eos.ubc.ca.
Call for Nominations: GSA Division Awards
Funds for the following GSA Division awards are administered through the GSA Foundation.
GSA Fellow
Jonathan P. Peterson
Most memorable early geologic experience:
To illustrate the differences between rational (cause and effect) and empirical deductions in his classes, J. Hoover Mackin used to point out that if you put one foot into a bed of red-hot coals and other foot on a block of ice, the average temperature should be comfortable.
- Fouch has extensive experience as a leader, a manager, a strategic planner, and an implementer, and he brings to GSA Foundation's Board a broad background in program development, program evaluation, and resource planning. He is also skilled at representing his organization to outside groups or agencies. He has a reputation as a trusted, credible, and respected team player with a warm personality and remarkable people skills. His work ethic, long history of performance, and intellectual capacity are all exceptional and will be helpful in the Foundation's quest to be successful in its efforts to seek funds in support of GSA programs and activities.
Welcome aboard Tom!
GeoTales, volume 1
A 100 page booklet with amazing stories of adventures and discoveries from GSA members is available. A copy of GSA GeoTales, volume 1, will be sent to you once you complete the coupon below, and include a minimum $50 contribution to the GSA Foundation. Please send your check and completed coupon to the Foundation office, and the booklet will be mailed to you immediately.
If you have a tale or two you would like to share for volume 2, please send it via e-mail to drussell@geosociety.org. We are hoping to finalize volume 2 by February 2005.
Thomas D. Fouch
HISTORY OF GEOLOGY DIVISION INITIATES STUDENT AWARD
GSA's History of Geology Division is soliciting proposals for a student award for the amount of $500 for a paper to be given at the national GSA meeting. It may be:
• A history of geology paper -or-
• A literature review of ideas for technical work Are you interested in where the ideas that you work with came from? How do you know your research is original? What ideas were prominent in the literature review you did for your thesis or dissertation? Were there ideas that didn't work out? Why? Is your portion of our science "refining the numbers" and extending observations, or are you working on a novel theory? Is there an area of geology whose origins you would like to investigate?
The History of Geology Division would like to hear from you! Mentors are available to help you with this process, or you may work with your own faculty. Contact William Brice, wbrice@pitt.edu, Professor of Geology and Planetary Science, University of Pittsburgh at Johnstown, Schoolhouse Rd., Johnstown, PA 15904, for proposal guidelines and application forms.
Proposals and application are due May 1, 2005, so that content and the official GSA abstract can be refined. The History of Geology Division award committee will make the selection. 
MEE TINGS CALENDAR
Visit www.geosociety.org/calendar/ for a complete list of upcoming geoscience meetings.
Call for Scholarship Applications
Each year, the Dan David Prize awards 10 scholarships of US$15,000 each to outstanding doctoral students and postdoctoral researchers from universities all over the world. In addition, 10 scholarships of US$15,000 each are awarded to outstanding doctoral students from Tel Aviv University. In this introduction to fracture pattern experimentation, Cloos drew on work by his brother, Hans Cloos, and outlined four scale models for those scientists who wished to engage in the "good deal of fun" (p. 242) to be had in attempting to imitate and measure fault fracture patterns using wet clay, a trowel, a table, boards, wire cloth, and "a lively imagination" (p. 243).
Ernst Cloos (1898-1974) served as president of GSA in 1954, and first presented this paper at the 1954 GSA Annual Meeting in Los Angeles, California.
GEOLOGIC PAST
www.geosociety.org
C O M P R E H E N S I V E A N D S T A T E -O F -T H E -A R T !
The new Geologic Map of North America covers ~15% of Earth's surface and differs from previous maps in several important respects: It is the fi rst such map to depict the geology of the seafl oor, the fi rst compiled since the general acceptance of plate-tectonic theory, and the fi rst since radiometric dates for plutonic and volcanic rocks became widely available. It also refl ects enormous advances in conventional geologic mapping, advances that have led to a signifi cant increase in the complexity of the map. The new map, printed in 11 colors, distinguishes more than 900 rock units, 110 of which are offshore. It depicts more than seven times the number of on-land units as are shown on its immediate predecessor, as well as many more faults and additional features such as volcanoes, calderas, impact structures, small bodies of unusual igneous rocks, and diapirs.
When displayed at earth science institutions and libraries, this map is sure to impress viewers with the grand design of the continent and may inspire some to pursue the science of geology. The new Geologic Map of North America is also a "thinking map, " a source for new interpretations of the geology of North America, insights into the evolution of the continent, new exploration strategies for the discovery of mineral and energy resources, and the development of better ways to assess and mitigate environmental risks and geologic hazards. 
Mission
The mission of GSA is to be a leader in advancing the geosciences, enhancing the professional growth of its members, and promoting the geosciences in the service of humankind.
Vision
• GSA will be a broad, unifying scientific society To increase the quality and vitality of meetings and conferences.
2. To increase the quality and vitality of publications.
3. To promote geoscience in the service of society.
4. To attract and sustain a dynamic, dedicated, diverse, and viable membership and to be responsive to this membership.
5. To maintain GSA and the GSAF as financially viable entities.
6. To optimize GSA's governance and organizational structure in fulfillment of GSA's mission.
One-stop shopping for all your GSA needs!
• Register for your upcoming GSA Section meeting and Earth System Processes 2.
• Renew your 2005 membership.
• Subscribe to GSA's outstanding peer-reviewed journals and purchase books, maps, charts, and other publications at member-only rates.
Gary Lewis, GSA Education and Outreach
G
eocaching is an outdoors phenomenon that is growing rapidly worldwide. Geocaching is an adventure game for Global Positioning System (GPS) users. It involves the creation and placement by players of caches containing a logbook and often other items and the subsequent searching for and locating of these caches by other players. Currently, there are 98,909 caches hidden within the United States and about 500,000 players. Caches are also hidden in over 200 other countries.
The details of each geocache, or the "cache notes," are recorded on a database-driven Web site, www.geocaching. com. This Web site is operated by Groundspeak Inc.
Hunting for a geocache can be an individual pursuit or, more commonly, a group or family affair. Some players use the game as a way to travel to unusual places in the country or to see features that are not marked on tourist maps. Some sites require access by four-wheel drive vehicles and many by hiking.
GSA is involved in setting up some earth science education geocaches, called Earthcaches, in association with the U.S. National Park Service, Forest Service, and other agencies and organizations and in partnership with Groundspeak Inc. and Subaru of America.
As the name implies, Earthcaches are meant for learning about Earth. This includes geological phenomena (fossils, minerals, faults, folds, resources) and geographical features (glacial features, waterfalls, etc.). Already, there are some great GSA Earthcaches in Australia, the United States, and Canada, and some are under development in Germany and Norway.
Earthcaches are a type of "virtual" geocache-that is, they do not involve the creation of physical containers hidden at sites, but rather, Earthcache visitors learn about Earth through the cache notes when they visit the site. Unlike "traditional" caches, the visitors do not leave or remove items from a cache. Some Earthcaches may be established at places where geocachers can log their visits in a book at a visitors' center. All visitors to Earthcaches will be encouraged to log their visits on the Web site.
Earthcaches provide not only location but also a lesson about what the geocacher is seeing. For example, the first Earthcache developed takes the visitor to six places on a headland where they can see evidence of what it was like during the Permian ice age. The cache notes provide the geocacher with an introduction as well as information on each site they visit.
Another Earthcache, in Colorado, takes visitors to a site where Earth's internal forces have injected pegmatite veins of minerals, some as big as a matchbox, into the surrounding country rock. The explanations for how and why this happened are right there in the cache notes in a language understandable for the layperson.
Because Earthcaches are virtual caches, they are a perfect way for many places, both rural and urban, to become cache sites. For example, an Earthcache is currently under development that will take people on a guide of the amazing variety of building stones used in Denver. It will provide the story of each stone type as well as other information. This will be a perfect way for teachers to take inner city kids on a geology field trip using GPS technology.
Earthcaches, because of their educational nature, go through a special approval process in which the language and appropriateness of the cache are tested by the GSA Earthcache team. The team uses a set of guidelines (which you can read at www. earthcache.org) as well as their own earth science experience to ensure that the quality of Earthcaches is maintained. The Earthcache team is also expanding to make sure that caches in languages other than English are not excluded from the project.
So, how do you develop an Earthcache? First, read the guidelines at www.earthcache.org. The most important guideline is that the cache must really teach the visitor something wonderful about our planet. Just a "view" will not make it as an Earthcache. We would suggest that you check out some of the excellent Earthcaches, like "The Rocks that Grew" Earthcache or the WoolShed Creek Earthcache to see how others have written the accompanying notes. Then complete the online submittal form. The Earthcache team will make a decision on the value of the cache, and if it meets the standards, it is submitted to Geocaching.com to undergo the normal geocache approval process. At this stage, around 60% of submitted Earthcaches have been approved and listed.
If you would like to work on setting up Earthcaches in your area and would like to discuss these with the Earthcache Team, please contact Gary Lewis, glewis@geosociety.org, or Wesley Massey, wmassey@geosociety.org. or revised test analyses. Methods used to analyze data account for the dual fracture and matrix permeability of the tuffaceous rocks and lava flows. Because these rocks are unlike many commonly studied aquifer systems, some conventional analytical methods used for pumping tests in porous media could not be used or had to be used with caution. Hydraulic conductivity obtained from drawdown in a pumped well was observed to be comparable to hydraulic conductivity obtained from slug-injection and swabbing-recovery tests but much smaller than hydraulic conductivity obtained from observation-well data. The length of a pumping test also was found to influence the shape of the drawdown curve and, hence, the determination of hydraulic properties. Many pumping test analyses illustrate conclusions about flow-system dynamics and hydraulic properties presented in the paper. SPE381, 93 pages, ISBN 0-8137-2381-7 $50.00, member price $40.00
Orogenic curvature: Integrating paleomagnetic and structural analyses, edited by Aviva J. Sussman and Arlo B. Weil Most active and ancient orogenic systems display salients and recesses with varying degrees of curvature in map view. Within these arcuate orogens, many observations (e.g., out-ofplane strains, oblique slip, earthquake swarms, vertical-axis rotations) indicate that material is transported (or flows) in three dimensions, such that no single cross section can fully describe the motion. Although our conceptualization of the architecture of curved mountain belts has become increasingly sophisticated, many questions as to the kinematics and mechanics of forming arcuate orogenic systems still need to be answered. To this end, GSA Special Paper 383 brings together several investigations which integrate structural and paleomagnetic techniques. Examples of the multidisciplinary research presented in the volume include: the impact that vertical-axis rotations have on shortening estimates; magnetic anisotropy and strain distribution as a function of basement/ cover decoupling; remagnetization and structural growth; mantlelithosphere delamination caused by plate bending; and the relationship between shear zones and vertical-axis rotations. SPE383, 258 p. plus index, ISBN 0-8137-2383-3 $ 80.00, member price $ 64.00
In Press The theme of the 2004 GSA Annual Meeting and Exposition, "Geoscience in a Changing World," covers both new and traditional areas of the earth sciences. The Front Range of the Rocky Mountains and the High Plains preserve an outstanding record of geological processes from Precambrian through Quaternary times, and thus serve as excellent educational exhibits for the meeting. With energy and mineral resources, geological hazards, water issues, geoarchaeological sites, and famous dinosaur fossil sites, the Front Range and adjacent High Plains region provide ample opportunities for field trips focusing on our changing world. The chapters in this field guide all contain technical content as well as a field trip log describing field trip routes and stops. Of the 25 field trips offered at the Meeting, 14 are described in the guidebook, covering a wide variety of geoscience disciplines, with chapters on tectonics (Precambrian and Laramide), stratigraphy and paleoenvironments (e.g., early Paleozoic environments, Jurassic eolian environments, the K-T boundary, the famous Oligocene Florissant fossil beds), economic deposits (coal and molybdenum), geological hazards, and geoarchaeology. FLD005, 234 p., ISBN 0-8137-0005-1 $45.00, member price $36.00
Special Papers
Gneiss Domes in Orogeny, edited by Donna L. Whitney, Christian Teyssier, and Christine S. Siddoway Domal structures cored by high-grade metamorphic rocks and granite occur in every exhumed mountain belt worldwide, representing orogenic events from the Archean to the present. Field relationships, thermal histories, and results of modeling of these structures show that dome emplacement and orogenesis are intimately related. Flow of crust in domes focuses lithospheric deformation and strain and is dynamically linked to surface processes. This book illustrates that domes are archives of information about fi rst-order tectonic processes common to contractional, extensional, and transcurrent regimes. Investigations in structural geology, metamorphic and igneous petrology, geochronology, thermochronology, geophysics, and geomorphology presented in this volume explore the origin and dynamics of gneiss domes in diverse tectonic settings. SPE380, 378 p., plus index, CD-ROM ISBN 0-8137-2380-9 $85.00, member price $68.00 Applicants should have a specialization that includes laboratory and field work in mineralogy, petrology or geochemistry, and that broadens the scope of existing faculty specializations which include volcanology, sedimentology, structural geology, invertebrate paleontology, geophysics, and geomorphology/Quaternary geology. Our department, a member of the Keck Geology Consortium, emphasizes excellence in undergraduate teaching and opportunities for undergraduate research.
Applications must include a letter of application, curriculum vitae, undergraduate and graduate transcripts, a detailed description of teaching philosophy and research interests, and contact information for three references; sent to Geosciences Search, Department of Geosciences, Trinity University, One Trinity Place, San Antonio, Texas 78212-7200 (email: geosearch@trinity. edu). Further information about the department and search can be found at http://www.trinity.edu/departments/geosciences/. Specific questions can be directed to Dr. Glenn Kroeger (email: gkroeger@trinity.edu). Review of completed applications will begin January 15, 2005. Women and minority candidates are strongly encouraged to apply. Trinity University is an Equal Opportunity Employer.
GEOGRAPHY, GEOLOGY, AND THE ENVIRONMENT
PENNSYLVANIA, SLIPPERY ROCK 16057 Slippery Rock University is seeking applicants for a tenure-track Assistant Professor with expertise in remote sensing and geomorphology in the Department of Geography, Geology, and the Environment beginning September 2005. The department consists of 13 faculty and approximately 110 undergraduate majors and offers programs in environmental science and studies, geography, and geology.
Qualifications: ABD in Geography or Geology required (PhD must be completed by August 2005). Broad training, with expertise in remote sensing and geomorphology, including applications to environmental concerns are required. The candidate must demonstrate a commitment to the education of diverse populations. Successful performance in an on-campus interview, including teaching demonstration is also required.
Responsibilities: Teach remote sensing, geomorphology, introductory courses, and potential development of advanced courses in area of expertise. Demonstrate excellent teaching and maintain an active program of research, including peer-reviewed publication, mentor undergraduate student research and participate in university service and student advising.
Send letter of interest, curriculum vitae, statement of research and teaching interests, graduate and undergraduate transcripts (official transcripts required before hiring) and the names, addresses (postal and email) and phone numbers of three references to: Carol Prorok, Search Chair, Department of Geography, Geology, and the Environment, Slippery Rock University, Slippery Rock, PA 16057, Phone: 724-738-2384, Fax: 724-738-4762, Email: carolyn.prorok@sru.edu.
Review of applications will begin March 1, 2005, and continue until position is filled. Slippery Rock University of PA is a member of the State System of Higher Education and is an affirmative action/equal opportunity employer. Visit our Web page at www.sru.edu.
UNIVERSITY OF WISCONSIN COLLEGE RICHLAND CENTER, TENURE TRACK POSITION DEPARTMENT OF GEOGRAPHY AND GEOLOGY
Tenure track position beginning August 2005. Doctorate degree in geology is preferred, ABD considered. Teach introductory and sophomore geology and introductory physical geography; resource conservation desirable. Online teaching a possibility. Teaching excellence, professional growth, and service to the department, campus, and community are expected for tenure. Application deadline is February 15, 2005. Send letter of interest, current vita, unofficial transcripts, a one-page statement of teaching philosophy and professional goals, and names of three current references to rlngeog@uwc.edu. Materials that cannot be submitted electronically should be mailed to Keith Montgomery, Chair, UW Colleges -Marathon County, Department of Geography/Geology, 518 South 7th. Avenue, Wausau WI 54401. Applications must be accompanied by a statement of whether the applicant wishes to have the application held in confidence or made available to the public upon request. The UW Colleges is an affirmative action/equal opportunity employer. More information about the position can be found at: www.uwc.edu/employment/jobs.htm.
POST-DOCTORAL SCIENTIST STROUD WATER RESEARCH CENTER
ORGANIC GEOCHEMISTRY OR ENVIRONMENTAL CHEMISTRY Post-Doctoral Scientist in organic geochemistry or environmental chemistry needed to participate in an extensive stream-monitoring project to assess the sources of pollution to streams feeding municipal drinking supplies-using polycyclic aromatic hydrocarbon (PAH), fragrance, and fecal steroid compounds as molecular tracers-and to evaluate these proxies relative to other biological, chemical and geographical indicators. For details, go to http://www.stroudcenter.org/jobs/ft.htm.
Send cover letter, resume, transcripts, and contact information for three references to Anthony Aufdenkampe (aufdenkampe@stroudcenter.org).
GEOLOGY INSTRUCTOR RIVERSIDE COMMUNITY COLLEGE DISTRICT RIVERSIDE CITY CAMPUS Deadline to apply: January 28, 2005
A completed District application form, a cover letter, a current resume or vita, three current professional reference letters, legible copies of transcripts verifying college work and degrees, must be submitted to Human Resources by the deadline listed above.
Additional information and a required District application form can be downloaded from our Website: http:// www.rcc.edu or obtained by contacting RCCD Human Resources, 3845 Market Street, Riverside, CA 92501, Phone: (951) 222-8588.
CHAIR, DEPARTMENT OF EARTH AND
ATMOSPHERIC SCIENCES SAINT LOUIS UNIVERSITY Saint Louis University, a Catholic Jesuit Institution dedicated to education, research and healthcare, is seeking applicants for the position of Chair of the Department of Earth and Atmospheric Sciences.
We seek an applicant with demonstrated administrative abilities to head a dynamic and diverse Department of talented and energetic faculty whose interests are in Meteorology, Geology and Geophysics. The new Chair will be expected to take a leadership role in increasing undergraduate and graduate enrollment, developing cooperative programs with other departments and national laboratories, balancing the needs and goals of the solid earth and atmospheric divisions of the Department, and maintaining its strong research programs.
The Candidate should have a Ph.D. in the atmospheric or solid earth sciences and a strong record of scholarly activity suitable for appointment at the rank of Professor. Exceptional individuals at the advanced level of Associate Professor may also be considered. Salary and rank will be commensurate with experience and qualifications.
The Saint Louis University is an Affirmative Action, Equal Opportunity Employer, and encourages nominations and applications of women and minorities.
C L A S S I F I E D A D V E R T I S I N G
DEPARTMENT OF EARTH & OCEAN SCIENCES
UNIVERSITY OF BRITISH COLUMBIA ASSISTANT PROFESSOR APPLIED SEDIMENTOLOGY AND/OR STRATIGRAPHY The Department of Earth and Ocean Sciences at the University of British Columbia invites applications for a tenure-track faculty position in the area of sedimentology and/or stratigraphy. We seek a scientist whose research enhances and extends our existing strengths, particularly in areas that are process oriented and/or applied, including but not limited to, exploration and exploitation of fossil fuels, environmental studies and economic geology. This appointment is at the Assistant Professor level although applications from exceptionally well-qualified, more senior scientists will be considered, particularly if they address under-representation of designated equity groups such as women, visible minorities, disabled persons or aboriginal people. Candidates from all relevant fields of Science and Engineering are encouraged to apply. The position will be available as early as July 1, 2005 . A Ph.D. is required by the commencement date. Teaching at the undergraduate and graduate levels is expected.
The University of British Columbia hires on the basis of merit and is committed to employment equity. All qualified persons are encouraged to apply; however, Canadians and Permanent Residents of Canada will be given priority. This position is subject to final budgetary approval. For more information about the Department and this position, visit our Web site at http://www.eos. ubc.ca.
Applicants should send their curriculum vitae and a statement of research and teaching interests, and arrange for three letters of recommendation to be sent to Dr. We seek an individual who shows the potential for outstanding achievement in both research and teaching. The successful candidate will be expected to develop and teach courses at the undergraduate and graduate levels, supervise and foster research at both the undergraduate and graduate level, and establish an externally funded research program. Interdisciplinary research with existing petroleum and environmental programs is strongly encouraged. The University of Tulsa is a private, comprehensive university committed to excellence in teaching, research, creative scholarship, and service to the University and community. Minorities and women are encouraged to apply. Send a letter of application stating research and teaching interests, curriculum vita, and name and contact information for three references to Dr. Bryan Tapp, Chair, Department of Geosciences, The University of Tulsa, 600 South College Ave. Tulsa, OK 74104-3189. Electronic applications will be accepted. Application review will begin February 1, 2005, and continue until position is filled. The University of Tulsa does not discriminate on the basis of personal status or group characteristics including but not limited to the classes protected under federal and state law. The University of Tulsa is an EEO/AA employer. Candidates with expertise in petroleum geology and geophysics, or sedimentary petrology are preferred and will teach undergraduate and graduate courses, plus occasional weekend field trips. The department offers a master's degree and is committed to quality teaching, field geology and laboratory studies.
GEOLOGY INSTRUCTOR
Applicants should send a letter of application, CV, statement of teaching and research interests, statement of leadership skills and administrative philosophy, reprints, copies of official transcripts and three letters of reference to: Search Committee, Department of Geology, P. O. Box 13011, Stephen F. Austin State University, Nacogdoches, TX 75962. Review of applications will begin immediately. EOE; security-sensitive position; criminal history checked. For additional information go to: www.geology.sfasu.edu.
CENOZOIC STRATIGRAPHER UNIVERSITY OF NEBRASKA-LINCOLN
The Conservation and Survey Division (CSD) of the School of Natural Resources (SNR) at the University of Nebraska-Lincoln, invites applications for a tenuretrack, 12-month assistant professor faculty position in Cenozoic stratigraphy (50% research/50% scholarly service).
The incumbent shall develop and conduct a program of field-based research and scholarly service in areas including, but not limited to, stratigraphy, sedimentology, and hydrogeology as applied to natural resource evaluation and management. Candidates will be expected to continue CSD participation in cooperative geologic mapping, focus research on the Cenozoic strata of the increasingly urbanized State of Nebraska, and have a working knowledge of the broader regional geology. The successful candidate will provide expertise and scholarly service to the public sectors on the geology of Nebraska, develop linkages with scientists within SNR, other University of Nebraska units, and other institutions; prepare a research project outline that is approved by the Agricultural Research Division and the U.S. Department of Agriculture, obtain external grant funding, present results of research at professional meetings, and publish research in refereed journals and other appropriate outlets. The candidate will also be expected to participate in classroom teaching, mentor and advise graduate students and research staff, and provide workshop instruction. Requires a Ph.D., earned by date of appointment, in geology or closely related field, with expertise in field research, and experience with interdisciplinary and collaborative research. Preference will be given to candidates with ancillary backgrounds in GIS, biostratigraphy, or other closely related disciplines. Applicant should have an appreciation for environmental concerns and appropriate use of natural resources. More information at SNR Website: http://snr.unl.edu. Interested candidates should send a signed letter of application, curriculum vitae, statement of research interests, and three letters of reference to: Chair, Cenozoic Stratigrapher Search Committee, School of Natural Resources, University of NebraskaLincoln, 309 Biochemistry Hall, Lincoln, NE 68583-0758.
Review of applications begins February 15, 2005, and continues until the position is filled or the search is closed.
The University of Nebraska is committed to a pluralistic campus community through affirmative action and equal opportunity and is responsive to the needs of dual career couples. We assure reasonable accommodation under the Americans with Disabilities Act. Contact Sharon Kelly at (402) 472-9873 or for assistance.
MERCYHURST COLLEGE SURFICIAL GEOLOGY/GEOMORPHOLOGY
The Department of Geology at Mercyhurst College and the Mercyhurst Archeological Institute in Erie, Pennsylvania invites applications for a tenure track position to begin September 2005. A PhD is required. We seek a surficial geologist / geomorphologist with expertise in the mineralogy and petrology of sedimentary rocks and with the ability to conduct ongoing field and laboratory research of Holocene fluvial and coastal processes and deposits. The successful applicant will be expected to continue the Geology Department's contribution to interdisciplinary studies with the Mercyhurst Archaeological Institute and the Mercyhurst Applied Forensic Science Department. Teaching duties will include courses in basic geology for non-majors and several advanced courses which may include sedimentation/stratigraphy, soils, mineralogy, petrology, geomorphology, geoarchaeology, hydrogeology and structural geology. Mercyhurst is currently developing graduate programs in both forensic science and in geoarchaeology, and the successful applicant will have to opportunity to help develop these programs.
As a primarily undergraduate liberal arts institution, we seek an individual with excellent teaching ability and the desire to involve undergraduates in scientific research. We feel strongly that a field component should be incorporated in each of the geology courses taught as appropriate. We've found Mercyhurst's location on the shore of Lake Erie has provided exceptional opportunities for the development of geological research projects in modern coastal processes. Also available for field studies is the underlying glaciated terrain and nearby non-glaciated terrain of the Appalachian Plateau and the folded Appalachian Mountains. Metamorphic and igneous terrain of nearby Canada and the more distant Adirondack Mtns of NY State are also accessible for study. Ongoing geoarchaeological projects include work at the famous Meadowcroft Rockshelter and other nearby aboriginal sites; historic and prehistoric sites at Fort Hood Texas; Paleolithic sites in the Czech Republic and the Ukraine; and coastal and sourcing studies of King Herod's port city of Casearea, Israel.
The Geology Department is well equipped for field and laboratory teaching and research. Our fieldwork is supported by a Nikon Total Station laser theodolite and GPS with full integration to our complete GIS lab (esri ArcGIS-9). A 13-foot Boston Whaler with a recording fathometer is available for near shore studies. Laboratories are equipped for modern Leica petrographic microscopy and image analysis. A Buehler thin-section machine is available, and sediment sizefrequency analysis can be performed by Ro-tap and by Beckman Coulter laser particle characterization.
Applicants should submit a letter of teaching and research interests; a current CV and arrange for three reference letters to be submitted to: Mercyhurst College; Department of Geology c/o Dr. J.M. Adovasio; 501 E. 38th Street; Erie, PA 16546.
SEDIMENTOLOGY/STRATIGRAPHY
COLORADO STATE UNIVERSITY The Department of Geosciences at Colorado State University seeks to fill a position in Sedimentology/ Stratigraphy at the assistant professor level. The position is a 9-month tenure-track appointment. Requirements are a Ph.D., a strong research record in the areas of sedimentology and stratigraphy with an emphasis in siliciclastic sedimentary systems, and evidence of teaching ability. Preference will be given to applicants with strong field skills, experience with petroleum systems, and a strong record of external research funding. The applicant's research and teaching interests should complement and enhance one or more of the Department's existing strengths. The successful applicant is expected to teach at all levels and develop a vigorous externally funded research program supporting graduate students. Teaching assignments will include an undergraduate course in sedimentology/stratigraphy, graduate courses in the hire's specialty, team-teaching undergraduate field course(s), and, on a rotational basis, a large enrollment introductory geology course. The preferred start date is August 2005.
To apply, send as email attachments a curriculum vitae, statements of research and teaching interests, and 
C L A S S I F I E D A D V E R T I S I N G
GEODYNAMICS FACULTY POSITION UNIVERSITY OF ALABAMA DEPARTMENT OF GEOLOGICAL SCIENCES
The Department of Geological Sciences invites applications for a tenure-track faculty position in geodynamics, beginning August 2005. The position will be filled at the Assistant Professor level. Candidates must have a strong record of research and a Ph.D. in geology, geophysics or a related field. The candidate will be expected to teach introductory geology and undergraduate and graduate courses in geodynamics and geophysics, to attract and supervise undergraduate, masters, and doctoral students, and to obtain external research funding. Experience with laboratory and/or computer modeling of tectonic processes is required. Possible areas of research emphasis include the evolution and mechanics of convergent margins and extensional systems, planetary geophysics, mantle flow, melt supply to subduction or mid-ocean ridge systems, erosion, plutonism, tectonics and its effect on climate, and neotectonics. This position compliments existing programs in tectonics, petrology, applied geophysics, basin analysis, hydrogeology, coastal geology, and petroleum systems. Department geophysical equipment includes a multichannel seismic data acquisition system, ground penetrating radar, high-resolution marine seismic systems, a Geoprobe, and a state-of-the-art computing facility supporting seismic data processing, interpretation, and subsurface mapping. Applicants should send a vita, statements of research and teaching interests, and contact information for four referees to Dr. Ernest Mancini, Geodynamics Search Committee Chair, The University of Alabama, Department of Geological Sciences, Box 870338, Tuscaloosa, AL 35487-0338. Further information is available on our Web site at http:// www.geo.ua.edu. Review of applications will begin on January 1, 2005, and continue until the position is filled. This position is dependent upon available funding.
The University of Alabama is an Equal-Opportunity, Affirmative-Action Employer. Applications are solicited from women and minority candidates.
TENURE TRACK APPOINTMENT
BOISE STATE UNIVERSITY The Department of Geosciences at Boise State University, as part of a planned expansion of its Ph.D. programs, invites applications for the first of two new tenure-track (Assistant Professor) faculty positions to be hired from the following disciplines: Earth History/ Global Change Science, with an emphasis in applying stable isotopic and other chemostratigraphic proxies to understanding paleoclimatic, paleoceanographic, and/or paleobiological change in both the deep time and recent rock record; Hydrologic Science, with an emphasis in applying stable isotopic and other quantitative techniques to modern global climate change, the hydrologic cycle, hydrogeology, surface processes, and/or geobiological investigations; Neotectonics/ Tectonic Geomorphology, with an emphasis in applying quantitative geophysical and/or geochronological techniques to elucidating geodynamic linkages to landscape evolution.
New colleagues in these fields will complement our existing strengths in biostratigraphy and geochronology, orogenic systems science, hydrological sciences and surficial processes, and shallow subsurface geophysics. The successful applicant will develop a nationallyrecognized research program supported by extramural funding and participate in the continued growth of the Department. We seek a colleague eager to establish collaborative research efforts, participate in developing analytical facilities, provide research opportunities for undergraduate and graduate students, and deliver courses for undergraduate and graduate programs. A Ph.D. in an Earth Science discipline is required at the time of appointment; previous teaching and/or postgraduate research experience will be considered strong assets.
Boise State University is a growing institution (>18,000 students) serving Idaho's metropolitan center. As the State's capital and business, financial and cultural center, Boise is recognized as one of America's best places to live. A favorable cost of living, coupled with moderate climate and a wide variety of cultural and recreational opportunities, contribute to an outstanding quality of life for our faculty. A vibrant intellectual community draws from scientists at the University, regional high-tech industries, and numerous state and federal agencies; the Department of Geosciences benefits from collaborative activities with partners across this spectrum. Additional information about the Department of Geosciences and the University can be found through our Web site: http://earth.boisestate.edu/.
Boise State University is an EOE/AA institution and is strongly committed to achieving excellence through cultural diversity. The University actively encourages applications from women, persons of color, and members of other underrepresented groups. Veteran's preference may be applicable. The Boone Pickens School of Geology is a growing department that is strongly committed to the goal of excellence in research, teaching, and extension. It offers a full range of undergraduate and graduate courses that lead to B.S. and M.S. degrees in Geology. The School of Geology currently has more than 60 undergraduate students and more than 30 graduate students. The department is developing plans to enhance the graduate program.
Applicants must have a Ph.D. degree in the geological sciences; must qualify for the rank of Professor in the School of Geology; and have a strong commitment to excellence in research, teaching and extension. A record that clearly demonstrates strong leadership, innovation, and a reputation as an outstanding scientist at an international level is requisite for this Endowed Chair.
Stillwater is a small, attractive university city of about 38,000, located on the prairie in north-central Oklahoma. Stillwater is 65 miles north of Oklahoma City and 60 miles west of Tulsa. Numerous cultural activities can be found within a two-hour drive of Stillwater. The Oklahoma State University campus is one of considerable beauty, with modified Georgian architecture.
Oklahoma Texas A&M University is an affirmative action/equal opportunity employer committed to diversity.
TENURE TRACK FACULTY: GEOPHYSICS WESTERN WASHINGTON UNIVERSITY
The Geology Depar tment, Western Washington University, seeks applicants for a tenure-track faculty position at the rank of Assistant Professor, in the field of Geophysics, effective September 16, 2005.
Qualifications: Applicants must have a completed Ph.D. in the Geological Sciences on or before the position start date and the ability to teach introduction to geology and upper division courses including Geophysics.
Preferred qualifications include; teaching ability and research emphasizes field-based applications of geophysical methods to geological problems and processes; ability to direct both under graduate and graduate students in research; demonstrated teaching ability; demonstrated ability to do scholarly research; ability to teach upper division courses; potential for externally funded research; the candidate's research should complement (but not duplicate) existing departmental strengths. Responsibilities: We expect the successful candidate to make a significant contribution to our graduate program, and to participate in our undergraduate degree programs by teaching upper division courses in geophysics, and introductory-level geology for nonmajors. The ability to teach existing or new courses in marine geology/geophysics, meteorology, or statistical methods is welcomed.
How to Apply: Submit a letter of application outlining teaching and research experience accomplishments, philosophy and goals, detailing aspects related to the above criteria.
The application should also include a curriculum vitae, graduate school transcripts, evidence of effective teaching and research, as well as letters of reference from four persons familiar with the candidate's teaching and research, at least one of whom is from outside the applicant's current institution. Priority Review Date: 1/14/05. Submit application to: Geophysics Search Committee Chair, (04GEO-01), Geology Department, Western Washington University, 516 High St, Bellingham, WA, 98225-9080 Phone: 360-650-3581. Our department has 13 faculty and offers B.A., B.S. and M.S. degrees with emphases in geology, geophysics, and environmental geology. Additional information about our department and programs can be found at http://geology.wwu.edu/. View the full position announcement, at www.acadweb.wwu.edu/hr/Jobs/faculty.asp. AA/EOE.
TWO-YEAR POST-DOC IN SEDIMENTARY GEOLOGY
CENTRAL MICHIGAN UNIVERSITY The Department of Geology at Central Michigan University invites applications for a two-year post-doctoral research associate position in sedimentary geology. Research responsibilities will include two weeks of field work in Australia (studying acid and neutral saline lakes), evaporite and siliciclastic petrography, water analyses, and fluid inclusion studies. Experience and a Ph.D. in Sedimentary Geology are required. Documented experience in evaporite sedimentology and geochemistry is preferred, but not required.
Salary is $36,000/year with a full benefits package. Send vita, a short description of research interests and experience, and contact information for two referees by 1/31/05 to Kathy Benison, Dept. of Geology, 314 Brooks Hall, Mt. Pleasant, MI 48859.
Serving 28,000+ students, CMU is an innovative doctoral/research-intensive institution with strong undergraduate education and focused graduate programs and research. CMU, an AA/EO institution, strongly and actively strives to increase diversity within its community (see http://www.cmich.edu/aaeo/).
GEOLOGY ASSISTANT PROFESSOR UNIVERSITY OF TENNESSEE AT MARTIN
Geology. Assistant Professor tenure-track position beginning August 2005. Ph.D. in Geology is required, however individuals who are ABD will be considered. Potential candidates must demonstrate an ability to teach structural geology, igneous/metamorphic petrology, and mineralogy. Evidence of an ability to teach effectively in English is required. The primary responsibilities include the teaching of introductory-level geology courses, advanced undergraduate courses depending upon the applicant's field of specialty, and associated laboratory sections. The successful applicant will also be expected to develop a research program involving undergraduates and to participate in geoscience education outreach. Additional responsibilities include advising of students, as well as committee and public service. Excellence in undergraduate instruction and scholarly activity is expected. Send hard copies of a letter of interest, curriculum vita, statement of teaching philosophy, copies of transcripts, and three letters of recommendation to: Chair of Geology Search Committee; Department of Geology, Geography, and Physics; 215 Johnson EPS Building; University of Tennessee at Martin; Martin, Tennessee 38238-5039. For further information tel: 731.881.7430. For more information about the department, see its Web site at: http://www.utm.edu/departments/ggp/home.htm. Review of applications will begin on March 07, 2005, and continue until position is filled.
UT Martin is an EEO/AA/Title VI/Title IX/Section 504/ ADA/ADEA employer. The University seeks to diversify its work force. Therefore, all qualified applicants, regardless of race, color, national origin, religion, gender, age, disability or Vietnam veteran status, are strongly encouraged to apply.
GIS-REMOTE SENSING-3xD VISUALIZATION
SAM HOUSTON STATE UNIVERSITY The Department of Geography and Geology invites applications for an Assistant Professor, tenure-track, beginning August 2005. The department seeks a broadly trained geographer or earth scientist with a commitment to both teaching and research in one or more of the following areas: GIS; Remote Sensing; 3xD Visualization of subsurface phenomena; Computer Cartography. Starting salary will be within the range of $55k-$65k. Appointees will be expected to have a clearly articulated plan for externally funded research and for regular publication of refereed scholarship, and as a successful faculty member will need to demonstrate an evolving mastery of both teaching and scholarly productivity. Teaching GIS and Remote Sensing courses along with other courses closely linked to their research focus will constitute a core activity but candidates also will be expected to teach in our broad introductory program in Geography. The Department is composed of two distinct academic programs but it is envisaged that GIS as well as other aspects of computer-based and geo-spatial technologies will form a linking foundation between the disciplines. Thus, the department seeks an individual with broad technological interests who can address the interests of students in both constituencies. In the last two years the Department acquired a dedicated GIS teaching and research facility and it benefits from the presence on campus of the Texas Research Institute for Environmental Studies (TRIES) that includes GIS, Remote Sensing and multi-discipline Viz-Lab facilities. To apply submit a letter of application that includes the following: an outline of teaching experience and a summary of teaching philosophies, a summary of present research experience and an outline plan of the next four years of research and scholarly activity; CV, transcripts; and the names and e-mail addresses of at least three referees via snail mail to Dr. Chris Baldwin (Chair, Search Committee), Sam Houston State University, Department of Geography and Geology, Box 2148, Huntsville, TX 773421-2148 or electronically to baldwin@shsu.edu. For more information visit http://www.shsu.edu/~gel_ geo/. SHSU is an equal opportunity/affirmative action employer that welcomes applications from all underrepresented groups.
LOW-TEMPERATURE GEOCHEMIST UNIVERSITY OF COLORADO AT BOULDER
The Department of Geological Sciences, University of Colorado at Boulder, invites applications for a tenuretrack position in low-temperature geochemistry. We anticipate hiring at the assistant professor level, but applications at other levels will be considered from those who would strengthen the Department's diversity. We seek applicants with a demonstrated potential for innovative research that is likely to lead to a strong, externally funded research program; postdoctoral experience is beneficial. Any applicant specializing in the study of low temperature geochemical processes operating at and near the Earth's surface will be considered, but candidates working in geomicrobiology; aqueous geochemistry; climate change; sediment-, soil-or rockwater interactions; or the contamination of soil and water are preferred. The successful candidate will be expected to teach an undergraduate course in geochemistry, offer graduate level courses in their specialty, and contribute to the Department's non-major course offerings. Information regarding the Department can be found at http://www.colorado.edu/GeolSci/.
Applicants should send a current CV, statements of teaching and research interests, and the names of at least three potential references to: Chair, Geochemist Search, Department of Geological Sciences, University of Colorado, 399 UCB, Boulder, CO 80309-0399.
Inquiries for additional information should be directed to Dr. David A. Budd (budd@colorado.edu). Review of applications will begin on January 3, 2005. Applications will be accepted until the position is filled. The University of Colorado at Boulder is committed to diversity and equality in education and employment.
FACULTY POSITION ENVIRONMENTAL GEOPHYSICS
CLEMSON UNIVERSITY The Department of Geological Sciences in the School of the Environment at Clemson University (http://www. ces.clemson.edu/ees/schofenviron.html) invites applications for an assistant professor tenure-track position in environmental geophysics or closely related area. The anticipated starting date is August 15, 2005.
The successful candidate must have a PhD in geophysics or a related discipline. He or she will be expected to teach a course in applied geophysics with environmental field applications, as well as other courses at the undergraduate and graduate levels, and to participate in an innovative department-wide undergraduate research program. The applicant should demonstrate the ability to develop a high-quality, sponsored research program that includes advising graduate students. Preference will be given to candidates who integrate field measurements and theory in their research. Excellent opportunities exist for collaboration with hydrogeologists, geologists, geochemists, and environmental and civil engineers in the School of the Environment and in other programs at Clemson University.
Interested candidates should send a letter of application, detailed resume, statements of teaching interest and teaching philosophy, and the names, phone numbers, e-mail addresses and mail addresses of three persons who may be contacted as professional references to: Chair, Search Committee, Clemson University, Department of Geological Sciences, Room 340 Brackett Hall, Clemson, SC 29634-0919. Review of applications will begin immediately and continue until the position is filled. Applications received by March 1, 2005, will be assured full consideration. Clemson University is an equal opportunity, affirmative action employer. Women and minority candidates are encouraged to apply.
ENVIRONMENTAL FLUID MECHANICS/ HYDROLOGY UNIVERSITY OF NOTRE DAME
The Department of Civil Engineering and Geological Sciences at the University of Notre Dame has an opening for an outstanding candidate in the area of the physics and/or modeling of fluid flow in the environment (in the area of modeling in environmental fluid mechanics/environmental hydrology). The appointee will be expected to establish a strong, externally-funded research program in some aspect of quantitative surface and/or groundwater hydrology / hydraulics. In the area of teaching, the appointee will be expected to develop innovative contributions to the teaching mission of the Department and University at both the undergraduate and graduate levels. An undergraduate engineering degree is preferred (but not required). The appointee will join a Department that provides unique opportunities for research and educational initiatives involving theory and applications at the intersection of engineering and the environmental geosciences. The position is intended to be filled at the level of assistant professor, but exceptional applicants will be considered at higher levels (but exceptional applicants may be considered for a higher level appointment).
For best consideration, applications should be submitted by January 15, 2005. Applications are particularly encouraged from women, minorities, individuals with disabilities, and veterans. Applications consisting of a letter of interest, current CV, statements on teaching and research, and a list of at least 5 people willing to provide a letter of reference should be submitted to: Dr. Stephen E. Silliman, Chair, Search Committee on Hydraulics, 156 Fitzpatrick Hall, Department of Civil Engineering and Geological Sciences, University of Notre Dame, Notre Dame, IN 46556 (at silliman.1@nd.edu). Information regarding the Department may be viewed at the Department's Web site www.nd.edu/~cegeos.
HARD ROCK & INTRODUCTORY GEOLOGY
TENURE TRACK, EARLHAM COLLEGE The Geosciences Department at Earlham College invites applications for a tenure track assistant professor position in the general area hard-rock geology. Responsibilities include instruction or co-instruction of introductory geology courses and some combination of alternate-year upper-class courses in structural geology and tectonics, igneous and metamorphic petrology, and two additional topics such as mineralogy, Earth history, an off-campus May term field course, or another subject appropriate to a modern comprehensive undergraduate geoscience major program. Geoscience faculty
